Invasive group A streptococcal (iGAS) disease was placed under surveillance in Alberta in August 1999. The purpose of this study was to determine the incidence rates of iGAS infections throughout Alberta over a 3-year period (2000 to 2002) and to better understand the epidemiology of iGAS in this province. There were a total of 441 cases of invasive GAS disease over the 3 years examined (average population over 3 
Invasive group A streptococcal (iGAS) disease has received increased attention worldwide in the last 20 years. This is due primarily to an increase in all forms of iGAS disease, most notably necrotizing fasciitis (NF) and streptococcal toxic shock syndrome (STSS) (3, 8, 10, 12, 22, 27) . The increase in awareness of iGAS disease has lead to a better understanding of the epidemiology of GAS infections in general (4, 6, 12, 18, 21, 23, 28) .
One facet of iGAS disease that has been documented by other investigators in North America is the gradual increase in the incidence rates of iGAS disease (4, 6, 12, 17, 18, 21, 23, 28) . These increasing incidence rates and a perceived high rate of iGAS disease in the Calgary Health region in 1998 and 1999 prompted Alberta Health and Wellness to place iGAS disease under surveillance in August 1999. The data collected since that time provided an opportunity to examine the epidemiology of iGAS disease in Alberta.
The purpose of this study was to determine the incidence rates of iGAS infections throughout Alberta for all cases of invasive disease from 2000 to 2002 and to better understand the epidemiology of iGAS in this province during this time period. This information was correlated with the microbiologic data for GAS strains isolated from those cases.
MATERIALS AND METHODS
Data collection. iGAS disease was placed as a disease under surveillance in Alberta in August 1999. This resulted in all cases of iGAS disease in Alberta being reported to the public health official for the region in which the case occurred. The iGAS data presented for the purposes of this study encompass calendar years 2000 to 2002. Alberta, during the period reported, consisted of 17 Health regions, 2 metropolitan and 15 rural.
The surveillance case definition for iGAS infection was the isolation of GAS from a normally sterile site (e.g., blood, cerebrospinal fluid, joint fluid, pleural fluid, or pericardial fluid) with or without clinical evidence of invasive disease. A case was generated when GAS, isolated from a normally sterile site, was reported by the isolating laboratory to the regional public health official. The GAS isolate was then forwarded to the National Centre for Streptococcus (NCS) in Edmonton for M typing and antimicrobial susceptibility assays. To collect information on patients with iGAS disease, the public health official for the region was required to consult with the attending physician to collect clinical information, to report the case by fastest means possible to the Provincial Health Officer, and to ensure that the Notifiable Disease Report was completed and submitted to provincial public health within 7 days.
To adequately ensure that no cases of iGAS were missed, once a year a representative from provincial public health would meet with a representative from the NCS to review all cases for the year that had been documented to date by each agency. If cases had been missed by either agency, follow-up was initiated with the laboratory that had initially isolated and reported the GAS and/or with the attending physician associated with a missed case.
Strain characterization. Isolates of iGAS forwarded to the NCS were M typed as previously described (24) . M and T typing and opacity factor determination were performed on all isolates by standardized methods (11) . All antisera were prepared in-house. Due to the difficulty of producing antisera for some M types, antiopacity factor typing was used to predict the following M types: 9, 11, 25, 28, 48, 77, 78, and 92. All isolates were assayed for susceptibility to penicillin, vancomycin, chloramphenicol, erythromycin, and clindamycin by using the disk diffusion assay method as per NCCLS guidelines (16) . Table 1 ). The larger metropolitan areas (region 4, Calgary, population 998,277; region 10, Edmonton, population 880,569) experienced a greater number of cases than regions encompassing the rural areas (all other regions ϭ rural, population 1,176,919) ( Table 1 ). The highest incidence rates for these metropolitan regions were 6.9 per 100,000 (region 4 in 2000 and 2001) and 6.6 per 100,000 (region 10 in 2001). The highest incidence of disease over the 3 years surveyed occurred in children Ͻ1 year of age (11.7 per 100,000) and in individuals 65 years of age and older (11.5 per 100,000) (Fig. 1.) .
Overall mortality for patients with iGAS in the province was 10.7, 13. Clinical diagnosis. Bacteremia only was the most common clinical diagnosis, accounting for 25% of cases of iGAS infection ( Table 2 ). This was followed by soft tissue infections (19%) and cellulitis (17%) ( Table 2 ). There were 36 cases of STSS during the 3-year survey period, for an incidence rate of 1.2 per 100,000 (8.2% of all cases) ( Table 2 ). STSS was associated with 34% of all deaths. The average age of cases with STSS for males was 47 years and for females it was 50 years. The overall median age was 48.5 years (age range, 1 to 89 years). Fifty-three cases presented with NF, for an incidence rate of 1.7 per 100,000 (12% of all cases) ( Table 2) . NF was associated with 19% of all deaths. The average age for males with NF was 42.5 years and for females it was 46.5 years. The overall median age for NF was 45 years (age range, 6 to 88 years). Examination of the M types associated with these two clinical entities for each of the 3 years studied showed that M1 was the most common M type associated with STSS (30.5% of cases) and NF (26.4% of cases) (Table 3) . Interestingly, there were no cases of STSS in 2002 caused by M1 and there was a decrease in the M1 cases of NF in 2002 (Table 3) .
Pneumonia was diagnosed in 46 patients (10.4%), with the majority being in patients 41 to 64 years of age (18 cases Underlying risk factors. Underlying risk factor information was reported for 117 (26.5%) of the 441 cases ( Table 4 ). The top four risk factors were institutional acquisition, injection drug use, pregnancy, and varicella virus infection. Institutional acquisition was the most common reported underlying risk factor (17.1%). This category included patients whose onset of illness occurred in a hospital, nursing home, or extended care facility. There was no association with a specific M type for this category (Ͼ10 M types isolated from 20 cases). Cases involving injection drug use (12.8%) were in patients who ranged in age from 28 to 43 years old and were not associated with any single M type. Pregnancy-related risk factors also accounted for 12.8% of known cases reporting risk factors and were all related to postpartum iGAS infection as discussed previously. There were 14 cases of iGAS that presented with a history of chicken pox (3.2% of all iGAS cases and 25% of those in children Յ8 years of age). Eight were male. Ages ranged from Յ1 year to 11 years (average, 4.8 years), with one patient aged 79 years. Six cases were attributed to serotype M1, four were attributed to M3, two were attributed to M4, and one each was attributed to M6 and M12. All cases presented with bacteremia.
With respect to seasonal association of iGAS disease, cases occurred throughout the year but were more frequently seen during the winter and spring months (Fig. 2) .
GAS isolate characterization. GAS isolates were available for characterization for 433 of the 441 of the cases. The most common M type for each of the 3 years was M1, accounting for 19.6% in 2000, 14.8% in 2001, and 14.7% in 2002 (Table 5 ). M1 
a Patients may have more than one clinical diagnosis. Table 5 ). All iGAS isolates were susceptible to penicillin and vancomycin. Sixty-five (15%) isolates were resistant to erythromycin. One isolate was resistant to clindamycin, and one was resistant to chloramphenicol. Of the 65 erythromycin-resistant isolates, 41 were MPT2967, 13 were M11, 6 were M58, and 1 each was M1 and M77. The single clindamycin-resistant isolate (M77) was also resistant to erythromycin. The single chloramphenicol-resistant isolate was an M12. Prevalence of erythromycin resistance in Alberta correlated with the prevalence of MPT2967, an M type that is typically resistant to this antibiotic. While erythromycin resistance is not limited to this M type, the overall erythromycin resistance rate for this collection paralleled the decreasing numbers of MPT2967 over the 3-year surveillance period. In 2000 erythromycin resistance for iGAS was 23.6%, decreasing to 11.2% in 2001 and to 5.1% in 2002.
DISCUSSION
The present study provides an overview of iGAS infections in Alberta from 2000 to 2002. The incidence rates of iGAS disease in the metropolitan areas of Alberta are some of the highest rates of iGAS disease in North America: 6.6 (2001 in Edmonton) and 6.9 (2000 and 2001 in Calgary) per 100,000. In comparison, a population-based survey for iGAS in the United States from 1995 to 1999 reported an incidence rate of 3.5 per 100,000 (17) . Other studies have reported incidence rates of 4.1 per 100,000 in the San Francisco region (1989 to 1999) and incidence rates of 1.7 to 2.5 from 1993 to 1996 and 2.9 in 1996 and 1997, respectively, in Sweden (18, 28) . With respect to other published Canadian rates, Davies et al. reported iGAS incidence rates of 1.3 per 100,000 in 1992 and 1.7 per 100,000 in 1993 in Ontario (6) .
It is important to note that the high incidence in the metropolitan regions did not remain elevated throughout the surveillance period but decreased in 2002. Passaro et al. suggested that the incidence of iGAS in San Francisco peaks every 5 years (18) . This may also be occurring in regions 4 and 10 in Alberta, with 2000 and 2001 possibly representing the peak incidence years. Continued surveillance should answer this question.
Why the incidence rates in the metropolitan regions of Alberta would be higher than in the overall rural population is unclear. It maybe due to closer contact of individuals in an urban setting in comparison to a rural setting. Another possible explanation for the increased incidence of disease may be due to the increase in awareness among primary care physicians in the health regions resulting in better reporting. It is also plausible that the high rates are the result of a new strain (M type) entering a region of susceptible individuals, followed soon after by its disappearance as a population develops immunity. However, the higher number of cases in 2001 does not correspond to an increase in any previously unseen M type in the region (Table 4) . Rather, what is seen is elevated numbers of M types present the year before at lower rates, e.g., M3 at 7.4% (2000) Also of note is the high rate of NF seen during the 3-year period. The rate of 12% is double that reported by both Davies et al. for Ontario (6) and by Factor et al. for metropolitan Atlanta, Baltimore, and Toronto in 1997 (6%) (9) . The reason for the higher rate of NF in Alberta than elsewhere in North America is uncertain. It is possible that cases of NF were overreported during the surveillance period. We believe that this is unlikely, as the rates of STSS and overall iGAS incidence were also higher than those reported in other studies, suggesting that the high rate of NF in Alberta is real and not a reporting artifact. The ages most greatly affected by iGAS are very similar to those reported in other studies, with the majority of iGAS cases occurring in the Յ1-year-old group and those 70 years of age and older. Also, there is a small increase in incidence seen in the middle-age population, 25 to 44 years of age. We have speculated in the past that the cases in the 25-to-44-year age group may be the result of household contacts, e.g., parents looking after small children or elderly with GAS infections, although this is still unclear (24) . It has been documented that the risk for subsequent iGAS disease in household contacts is higher than the risk among the general population (6, 20) . Still, these infections, while present, have been shown to be relatively infrequent, suggesting there are other explanations for the elevated incidences seen in the 25-to-44-year-old age group (20) .
The tropism of specific M types for certain disease presentations is interesting. M28 accounted for close to 30% of all postpartum iGAS cases. This is consistent with the findings of Chuang et al., who also reported emm type 28 as the most prevalent type associated with all postpartum cases associated with iGAS (21%) (4). This was also noted in the United Kingdom, in which 26% of puerperal infections were due to M28 (5). In addition, emm 28 has also been reported in three outbreaks of postpartum iGAS (14, 15, 25) .
The predominance of a single serotype for a single disease presentation was also noted for those patients with varicella virus infection. In children with a history of chicken pox and iGAS infection, M1 accounted for 43% of these cases. The association with iGAS and varicella virus has been well documented (2, 6, 19) . In July 2001, Alberta began a universal infant varicella immunization program that should result in a decrease in iGAS infections associated with varicella virus in the coming years.
The results also show that the majority of erythromycinresistant isolates were derived from one M type, MPT2967. It is probable that these isolates represent a single clone that entered the province in 2000 or earlier and is gradually decreasing in prevalence as the Alberta population most likely becomes immune to this serotype. While MPT2967 accounted for the majority of erythromycin-resistant isolates, the single clindamycin-resistant isolate, an M77, did not result in as many cases of iGAS disease as MPT2967.
The predominance of one M type expressing an erythromycin resistance phenotype in a defined geographical area in North America at a specific point in time is not unusual. Martin et al. reported the presence of an erythromycin-resistant M6 clone in throat cultures taken from school-age children in Pittsburgh (13) . Erythromycin-resistant GAS in this setting accounted for 48% of the GAS isolates recovered. In addition, Weiss et al. reported the predominance of an erythromycinresistant M28 (65% of erythromycin-resistant isolates were M28) in patients presenting with pharyngitis in 1998, and in Ontario in 1997 de Azavedo found that an M4 serotype accounted for 28% of the erythromycin-resistant strains studied (7, 26) . What is interesting in our study is the observation that a particular erythromycin-resistant M type, e.g., MPT2967, can predominate early on and gradually diminish in prevalence over a period of 2 to 3 years, similar to what is seen for other non-erythromycin-resistant M types. Based on these observations, while erythromycin resistance may be high in a given year, it is possible that this will gradually decrease over the next 2 to 3 years provided no other erythromycin-resistant GAS strain enters the region.
In conclusion, the placement of iGAS as a disease under surveillance has allowed public health officials in Alberta to gain an understanding of the significance of iGAS infections in this province. Based on our results, there is significant morbidity and mortality associated with iGAS in Alberta in comparison to other regions in North America. Over the 3 years surveyed, an average of 144.3 cases occurred per year in a population of just over 3 million people. Continued enhanced surveillance of iGAS infections is important to assess and monitor the relative magnitude of iGAS disease in Alberta in relation to other diseases over the next few years. It is hoped that the information in this report will aid in providing a basis for rational vaccine development and will contribute to the implementation and evaluation of other intervention strategies for controlling this disease in Alberta and elsewhere.
